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ABSTRACT: The analytical reproducibility of a
multielement profile was studied in the hair sample
of a 65 years old men. The hair was randomly divided
into three portions, double blinded, and analyzed upon
arrival, and six months and two years thereafter by the
ICP MS. The coefficient of variation (%) of 41 analyzed
elements differed considerably from element to element
being excellent for Ge and Mo and the least reliable
for Be and W (0.0 and 1.1% vs. 66.7 and 79.1%,
respectively); the CV for the major bioelements (Ca,
Mg, K) was less than 20%. Samples were kept at the
room temperature, and over the period of two years
the systemic loss was observed for I only. The observed
diversity of analytical accuracy for the different
elements requires further biological and chemical
pondering since it appears not to be related to the
sample element concentration. The observed high
within the laboratory analytical reproducibility of the
hair multielement profiles make such profiles a useful
tool for the follow up of the changes in the nutritional
and toxicological status, and for the control of
unforeseen interaction is the controlled metabolic
studies, respectively.
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PE3IOME: AHanuTuyeckass BOCIIPOU3BOAUMOCTD
3JIeMeHTHOTo Mpoduist Obla n3ydeHa JBOWHBIM clie-
MBIM METOJIOM ITOCPEICTBOM TTOBTOPSIOIIETOCS MHO-
TO3JIEeMEHTHOTO aHajiM3a OJHOTO M TOTO e obpaslia
BoJIOC (MCIBITYEMBII — MY>K4MHa, 65 jieT). O6pasell Bo-
JIoC OBUT CITyJaifHBIM 00pa3oM MojiejieH Ha 3 MopLuy 1
npoaHanusupoBaH MetogoM MCIT-MC cpagy, a Takke
yepes 6 MecsieB U 2 roga mocie B3atust. Koadduim-
eHT Bapuaiuu (%) cylecTBEHHO pasiuyajics oT aHa-
JINTA K aHAJIATY, 13 41 oIlpenessieMoro aJieMeHTa, Oymy-
yy HamtydimM it Ge 1 Mo 1 HauxymmmM it Be n
W (0,0 m 1,1% vs. 66,7 1 79,1% cOOTBETCTBEHHO); TS
makpoasiemeHToB (Ca, Mg, K) on 611 Hrke 20%. O6-
pasiibl XpaHWJIUCh TIPU KOMHATHOM TeMreparype; 3a
2 roma moTepu ObUIM OOHApYKeHbI TOJILKO IS ona.
Hab6momaemble paznnunst B aHATUTUYECKOM BOCIIPO-
M3BOAMMOCTH JIJISI PA3IMYHBIX 3JIEMEHTOB TPeOyIOT
JATbHENIIEero U3y4eHUsT ¢ TTO3ULINI OMOTOTUHA U XU-
MMWHU, TIOCKOJIBKY, TTO BCEI BEPOSITHOCTH, O0YCIIOBIEHbBI
YeM-TO MHBIM, HeXeJl colepKaHUeM 3JIeMeHTa B 00-
pasue. HabGmomaemast Bbicokasi BHyTpuriiabopaTopHast
aHAIMTAYEeCKasT BOCIIPOM3BOIMMOCTD JeIaeT OIpese-
JIEHWE 3JIEMEHTHOTO TTPOMUIIS TTOJIe3HBIM MHCTPYMEH-
TOM JIJI MOHUTOPUHTA N3MEHEHMIA B TTUIIEBOM U TOK-
CHKOJIOTMUECKOM CTaTyce, a TakKxKe [UISl KOHTPOJIST He-
MpeNBUACHHBIX B3aMMOJECHCTBUI B KOHTPOJIUPYEMBIX
HCCIeJOBAaHMSIX MeTaboIM3Ma.
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INTRODUCTION

Hair multielement profile is a powerful tool in
medical research and clinical diagnosis since hair is
a memory tissue not subjected to the homeostatic
control like the blood (Momcilovic, 2007). The potential
of hair analysis for the assessment of the nutritional
status and environmental xenobiotics exposure has
been realized for the decades since it is ready
accessible biological matrix material easy to be
transported and stored until analyzed (Passwater,
Cranton, 1983; Chatt, Katz, 1988; Batzevich, 1995).
However, severe criticism has been directed against
hair multielement profile analysis claiming high
inaccuracy of both within the laboratory and between
the laboratories analytical results (Seidel et al., 2001;
Klevay et al., 2002, 2004). The aim of this single subject
research paper is to analyze within the laboratory
reproducibility of the hair multielement profile.

MATERIAL AND METHODS

A hair sample of a 65 years old men was collected
over the occipital region of the head.The sample was
partitioned into three different portions of apparently
equal size. Each portion was double blinded by assigning
it a different name, and analyzed for the multielement
profile at the time of collection and six months and
two years afterwards. The samples were prepared for
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the analysis as described previously (Momdilovic et
al., 2007). A total of 41 elements was analyzed by the
ICP MS at the Center for Biotic Medicine, Moscow,
Russia: Ag, Al, As, Au, B, Ba, Be, Bi, Ca, Cd, Co, Cr, Cu,
Fe, Ga, Ge, Hg, I, K, La, Li, Mg, Mn, Mo, Na, Ni, P, Pb, Pt,
Rb, Sb, Se, Si, Sn, Sr, Ti, T1, V, W, Zn, and Zr. Arithmetic
mean of the sample at three different time intervals,
standard deviation, and coefficient of variation was
calculated for every element by the standard statistical
procedures (Glantz, 2005).

RESULTS AND DISCUSSION

The results of the hair multielement profile analysis
are shown in Table 1. The elements are arranged in the
increasing order of their coefficient of variation
(CV); means, standard deviations, and ranges for every
element are also shown. The accompanied graph
(Fig.1) help us to better visualize the within the
subject variability of the reproduced analyses. The
elements Ge and Mo showed excellent reproducibility,
whereas Be and W reproducibility was the least reliable
(0.0 and 1.1% vs. 66.7 and 79.1%, respectively). None of
the elements in the hair seems to be affected of being
kept at the room temperature except iodine. Indeed,
concentrations of iodine in the aliquots of the same
hair sample were, respectively (mg/kg): 2.42, 1.41, and
0.877 at the time of sample collection, and six months
and two years thereafter). However, not such a conclusive
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Fig. 1. Within the subject hair multielement profile variability
(upper values— coefficient of variation; lower values— standard deviation)
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Table 1. Reproducibility of hair multielement profile analysis (mg/kg)*

Element Mean (n = 3) SD Range (Min—Max) CV (%)
1 2 3 4 5
Ge 0.002 0.000 0.002 0.8
Mo 0.043 0.0005 0.043—0.044 1.1
Zn 181.6 2.71 177.8—183.6 1.5
Zr 0.133 0.016 0.110—0.148 2.0
Sb 0.017 0.0004 0.012—0.021 22
Rb 0.017 0.0004 0.013—0.022 23
Ga 0.030 0.0005 0.015—0.018 25
K 13.50 3.71 9.74—18.56 275
Li 0.042 0.0025 0.038—0.043 6.0
Mn 0.304 0.023 0.273—0.329 7.6
Se 0.572 0.044 0.525—0.632 7.7
Fe 7.39 0.650 6.59—8.19 8.8
P 1179 10.71 104.1—130.2 9.1
Mg 105.5 10.36 92.71—118.1 9.8
Cu 11.76 1.37 10.17—13.51 11.6
Si 41.03 124 34.84—47.27 12.4
Sr 1.727 0.216 1.44—1.96 12.5
Au 0.025 0.004 0.022—0.031 16.0
Co 0.006 0.001 0.005—0.007 16.0
Ca 1014.7 178.7 822.7—1253.0 17.6
Ba 0.459 0.089 0.378—0.583 194
Al 2.123 0.445 1.650—2.720 21.0
Sn 0.090 0.023 0.064—0.121 255
Pt 0.002 0.0005 0.000—0.002 27.6
Hg 0.776 0.227 0.478—1.03 29.2
As 0.034 0.011 0.018—0.042 323
Ag 0.021 0.008 0.010—0.270 38.1
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1 2 3 4 5
La 0.005 0.002 0.004—0.008 389
I** 1.569 0.640 0.877—2.42 40.8
Pb 0.169 0.070 0.106—0.267 414
Cr 0.247 0.106 0.097—0.332 429
Na 78.81 34.72 53.29—127.9 44.0
Cd 0.021 0.012 0.011—0.038 57.1

\% 0.053 0.032 0.008—0.079 59.8
Bi 0.023 0.015 0.010—0.044 65.3
B 4173 2.739 2.04—-8.04 65.6
Ni 0.347 0.229 0.181—0.671 66.0
Be 0.003 0.002 0.000—0.004 66.7
W 0.004 0.003 0.001—0.009 79.1

* Elements Ti and Tl were below the detection limits.

** Jodine is the only element that systematically decreased to a great extent over the period of 0.0, 0.5, and 2.0 years.

trend of element lost was observed for the other most
likely candidate, i.e., mercury (0.821, 1.03, and 0.478).
Thus, to be on the safe side, hair samples aimed for
both iodine and mercury analysis need to be kept
refrigerated. Surprisingly enough, the similar trend of
element loss was observed for Si (47.27, 40.97, and
34.84, respectively). On the other hand, Cd, Ga, P, and
Pb showed a tendency towards gradual increase of the
element concentration over the two years period of
time, indicating subtle changes of the hair biological
matrix hydration. However, Cr would first increase
from the initial level to the six months level, and stay
there until reanalyzed after the two years period (0.097,
0.312, and 0.330 shown in the same respective order
for iodine); the inverse was true for lanthanum (0.008,
0.003, 0.0040. Apparently, the results indicate the
necessity to analyze the refrigerated hair samples for
such a large hair multielement profile within the
period of about three months.

It is possible to make many other relevant
observation on timing the multielement hair sample
analysis based on the here presented within the subject
data variability and what would be beyond the scope
of this paper. Thus, the reproducibility of percentile
data also varied from element to element (data not
shown). We would only mention that the CV (%) of
Ca and Mg was lower for the percentiles than for the

actual element concentrations (10.0 vs. 17.6 and 7.64 vs.
9.8 for Ca and Mg, respectively). These two elements
were of major concern in our recent study on Ca and
Mg dietary supplementation in the postmenopausal
women (Prejac et al., 2007). We expected the
reproducibility results to be dependent upon the sample
element concentration, but only a negligible inverse
correlation was observed between the amount of the
element in the sample and the corresponding
coefficient of variation (r? = 0.07) (Fig. 2).

Although the collected hair was sampled from the
same subject it is not biologically uniform, since every
hair can be in either anagen or telogen phase, i.e.,
growth and rest phase, respectively (Rook, Dawber, 1982).
Hence, some of the observed variability in the analytical
reproducibility of the hair multielement profile may
stem from the chance variability of the biological matrix
itself, and what we believe to be the minor source of
within the subject variability. Two other biological factors
may be of the much greater importance. One is the
«cross-over» inference of the different elements sharing
the same mass number, since the same mass numbers
may be shared by a number of elements (Momcilovi¢
et al., 2007). Indeed, selenium alone has 17 isotopes of
different mass number, but there is a total of 131 isotopes
sharing such numbers and coming from the Zn, Ga, Ge,
As, Br, Kr, Rb, Sr, Y and Zr, and what we tentatively



B. Momdilovi¢ et al. A CASE REPORT ON ANALYTICAL REPRODUCIBILITY OF THE HAIR 37
MULTIELEMENT PROFILE: A TWO YEARS FOLLOW UP

10000,0000 -
1000,0000
100,0000

10,0000

o
~
o
£ 0,1000
c
©
[0
= 0,0100
0,0010

0,0001

1000, 0000

=-0,974x + 69,2
R2= 0,07

0 10 20 30

Coefficient of variation (%)

Fig. 2. The relationship between the element concentration of the hair sample and the percentage coefficient of

variation (CV). The bars denote standard deviation

named the Se isotope cluster. The other is the old
problem of the sample preparation in general, and
washing procedure in particular. Indeed, some sample
preparation methods may work better for some of the
elements than for the other, since it is hard to envisage
the uniform procedure that would be simultaneously
the best for all of the elements. Perhaps, depending upon
the critical elements of the study, the washing procedure
may be modified to enhance the accuracy of one group
of elements at the expense of lower accuracy for the
other. Nevertheless, the observed high within the
laboratory analytical reproducibility of the individual
hair multielement profiles make such profiles a useful
tool for the follow up of the changes in the nutritional
and toxicological status, respectively (Ivi¢i¢ et al., 2007).
Moreover, we think that any serious metabolic study on
bioelements should be preceded by the hair multi-
element profile analysis (or some other relevant
indicator tissue biomatrix) before the commencement
of such a study, and at its respective end point to cover
for the unforeseen bioelement interactions.
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